In this paper, a satellite with two flexible appendages and a central hub is considered. The piezoelectric layers are attached to both side of the appendages and used as actuators. The governing equations of motion are derived based on Lagrange method. Using Rayleigh-Ritz technique ordinary differential equations of motion are obtained. A robust inverse dynamic control is applied to the system to not only control the three axes manoeuvre of the satellite but also suppress the vibrations of the flexible appendages. Finally, the system is simulated and simulation results show good performance of this controller.
INTRODUCTION
The large angle attitude rotation of a spacecraft is one of its major desirable advantages. The modern flexible spacecrafts need to re-point and track manoeuvres. The dynamics of the spacecraft with large rotational manoeuvre is time varying and nonlinear. Moreover, the manoeuvring introduces certain levels of vibration to flexible appendages.
Most studies on spacecrafts consist of the manoeuvre control of spacecraft around single axis rotation. Song and Kotejoshyer 1 studied vibration reduction of flexible structures during slew operations such as attitude control of spacecraft with large solar panels. Ge et al.
2 applied an energy-based robust control approach for a flexible spacecraft attitude regulating control, as well as the vibration suppression of the flexible appendages. A robust adaptive sliding mode control was presented by Hu 3 to control the attitude manoeuvring of a flexible spacecraft, and linear quadratic regulator (LQR) was utilized for suppressing the induced vibration in the appendages. Erdong and Zhaowei 4 investigated an attitude regulation control problem for a flexible spacecraft. Azadi et al. 5, 6 studied the hybrid controller to suppress the appendage vibrations and manoeuvring control of a one axis rotating flexible satellite.
Recently, some researchers have benefitted from using smart materials like piezoelectrics for sensors/actuators. Hu and Ma, 7 using the theory of variable structure control, presented an approach to reduce the vibration of the flexible spacecraft during attitude manoeuvre. Hu 8 also proposed a composite control scheme for a single angle rotational spacecraft with bounded piezoelectric material on its flexible appendages, satisfying the actuator constraints in the presence of mismatched perturbation. Neto et al. 9 presented a general methodology for active vibration control of high-speed flexible linkage mechanisms with piezoelectric actuators and sensors. Further, equations of motion for flexible multi-body systems and for the relevant finite elements used in the modelling of piezoelectric materials were introduced. Sales et al.
10 considered the application of shunted piezoelectric transducers to control the vibrations of a simple satellite composed of a hub, a reaction wheel, which is a device traditionally used for active attitude control, and two identical flexible panels, which contain piezoelectric patches symmetrically bonded to their surfaces. Some scientists have studied three axes rotational manoeuvre control of flexible satellites. Hu 11 applied a semi-globally input-to-state control technique to a flexible spacecraft attitude manoeuvre in the presence of parameter uncertainties and external disturbances. A fault-tolerant adaptive backstepping sliding mode control scheme was developed for flexible spacecraft attitude manoeuvring using redundant reaction wheels by Jiang et al. 12 Xin and Pan 13 investigated a nonlinear optimal control to approach and align a spacecraft to a target. Azadi et al.
14 applied an adaptive robust controller to control the three axes manoeuvre of a satellite while suppressing the appendages vibrations using piezoelectric actuators.
In some studies, the satellite has been considered as a rigid body and the flexibility effects have been neglected. Verbin and Lappas 15 presented a new attitude control method for agile rigid spacecrafts, which was based on combining single gimbal control moment gyros together with reaction wheels. The method was expected to suit remote sensing spacecrafts that are required to perform multiple rapid retargeting of their line of sight. They 16 also presented a nonlinear state feedback design approach for large rotational manoeuvring of a rigid satellite with reaction wheels. Huang et al.
17 studied the dynamic and control hovering of a rigid spacecraft. The dynamical model, which they considered, was built to describe the orbital motion of the spacecraft, and a control scheme was derived for different hovering configuration.
In this study a robust inverse dynamic control scheme is used to control the three axes manoeuvre of a satellite and suppress the vibrations of the appendages. The satellite is considered as a central hub with two flexible appendages. The piezoelectric layers are attached to both sides of the appendages as actuators. Each appendage is considered as an Euler-Bernoulli
